The use of electronic cigarettes or vaping has been gaining momentum among Macedonian smokers but has also raised great many concerns about the toxicity of liquid refills and its aerosols, especially as the nicotine levels in refill liquids (e-liquids) are not required to be declared accurately or at all by current regulations. The aim of this study was therefore to determine nicotine levels in fifteen samples of e-liquids purchased in specialised shops in Macedonia using gas chromatography. Nicotine concentrations deviated from manufacturer's declarations in nine of the twelve samples: in five they were higher and in four lower than declared, ranging from -16.7 % to +30.0 %. These significant discrepancies between the actual and declared nicotine concentrations in the analysed e-liquids call for closer attention of the healthcare and the regulating authorities.
Electronic cigarettes or e-cigarettes are handheld devices designed to simulate smoking by heating a liquid solution containing propylene glycol, ethylene glycol and/ or glycerine, flavourings, water, ethanol, additives, and often nicotine (1) (2) (3) .With smoking being banned in enclosed public spaces all over the world, e-cigarettes have soon become a very popular substitute or the means to gradually quit smoking (4, 5) .With their increasing use new products appear on the market. In 2016 alone, the sales of e-cigarettes and tobacco vapour products were $11.44 billion and are expected to reach a double-digit annual growth by 2025 (6) .
Manufacturers advertise them as healthier, safer, less expensive, cleaner, and socially accepted alternatives to combustible cigarettes that can be used in enclosed public spaces where smoking is otherwise banned (5, 7) .
First-generation e-cigarettes were prefilled disposable devices that were designed to look like traditional cigarettes. Second-and third-generation e-cigarettes (vapours, tanks, and mods) have interchangeable parts, including an aerosol generator, a heating element, a refillable tank, and rechargeable batteries.
E-cigarette cartridges, cartomisers, and tanks can now be refilled from drip bottles of refill liquids that can be bought online, by mail orders, and in retail shops. In 2014, Zhu et al. (8) reported 7764 flavours of commercial e-liquids and ready-made refill solutions such as tobacco, menthol, fruits, candies, chewing gum, alcoholic drinks, soft drinks, coffee, and their combinations. Some manufacturers allow consumers to buy "vape juice kit" with ingredients, nicotine solutions, and aromas from which they create their own do-it-yourself (DIY) e-liquids after their preference.
Consumers consider nicotine strength an important factor when purchasing e-liquids, and their preferences usually depend on whether they also smoke tobacco cigarettes or not. E-liquids therefore come in different nicotine concentrations (0-20 mg/mL) declared on the packaging in milligrams, percentages, or descriptors such as "extra strong/very high", "strong/high", "regular/ medium", "light/low", "ultra-light/very low", or "zero/no nicotine". Studies investigating e-cigarette aerosols report that nicotine levels may vary considerably by brand, product, user puff topography, and device voltage (9) (10) (11) .
However, the use of these devices has raised several concerns about the toxicity of liquid refills and their aerosols and related adverse health effects (12, 13) . According to the World Health Organization (14) , as long as electronic cigarettes and liquids are not regulated and their impact on human health is not thoroughly investigated, they should not be recommended as an aid to quit smoking. The EU Tobacco Products Directive (15), however, has set the safety maximum level for nicotine to ≤20 mg/mL in e-liquid.
Unregulated marketing and manufacturing standards for e-liquids may result in significant differences between declared and true levels of nicotine in cartridges and refill solutions for e-cigarettes. While there are reports of good compliance between nicotine levels declared on e-cigarette cartridges and refill bottles and the measured ones (16, 17) , some studies have reported significant differences (16) (17) (18) or even found high nicotine concentrations in liquids declared nicotine-free (19) . The main concern with nicotine in e-cigarettes is whether their use exposes users or bystanders (passive smokers) to the risk of nicotine poisoning. Nicotine is both addictive and toxic in small doses, and it is important that its concentrations are accurately labelled on an e-liquid (20, 21) because labelling an e-liquid as containing a low nicotine concentration may mislead a user to consume more nicotine than intended and put themselves at risk of overdosing. Consumers who are misled that they are using a nicotine-free product, in turn, may develop addiction.
As the vaping trend has taken root in Macedonia as well, we wanted to see whether declared nicotine concentrations in locally marketed e-liquids deviated from the actual and whether this might present a public health problem, especially in terms of doses higher than the EU maximum of 20 mg/mL.
MATERIALS AND METHODS

Samples
For the purpose of this study, we randomly acquired 15 of 10 mL e-liquid bottles of four global manufacturers from specialised shops in Macedonia with different nicotine concentrations declared (0-24 mg/mL). All samples were refill (ready-to-use) liquids, and two packages per sample were tested. On nine of the fifteen e-liquid packages nicotine content was expressed in "mg" and on the rest in mg/mL. Some of the packages were additionally labelled with descriptors such as "zero", "medium", or "high" that correspond to the declared nicotine concentration.
Chemicals
For nicotine determination we used dichloromethane (SupraSolv, Merck, Darmstadt, Germany), 99 % n-heptadecane (Sigma-Aldrich Chemie GmbH, Taufkirchen, Germany), and ≥99 % purity nicotine standard (SigmaAldrich).
Gas chromatography
Nicotine concentrations in the e-liquid samples were quantified using the gas chromatographic method described by Schober et al. (19) . All samples were analysed after dilution with dichloromethane in the 100:1 (v/v) ratio, followed by the addition of n-heptadecane. After dilution, the measured nicotine values were within the concentration range of the calibration curve.
For gas chromatography we used a Hewlett Packard Model 7890B GC (Hewlett Packard, Santa Clara, CA, USA) equipped with an auto-injector module 763A, flame ionisation detector (FID), and a HP-5 column (30 m×0.32 mm×0.25 µm). The temperature was raised from 140 °C to 210 °C at a 20 °C/min ramp with a hold time of 25 min using helium as a carrier gas. The temperature of the injector (injection volume 1 μL and split ratio 20:1) and detector was 250 °C.
Nicotine calibration standard
Nicotine standards used to establish the calibration curve were prepared by serial dilution of 1.0 mg/mL of nicotine in dichloromethane over a range of 1.0-0.016 mg/ mL. For internal standard we used n-heptadecane.
Statistical analysis
Statistical analysis was run on SPSS Statistics version 23, (IBM, New York, NY, USA) using the Wilcoxon signedrank test for dependent samples. The significance level was set at 5 % (p<0.05). Table 1 compares the declared and quantified nicotine concentrations in the fifteen e-liquid products. The differences are expressed in percentages. They deviated from manufacturer labels in nine samples: five had significantly higher and four lower concentrations than declared (range from -16.7 % to +30.0 %).
RESULTS AND DISCUSSION
Our findings confirm other reports about inconsistencies between declared and measured nicotine levels in e-liquids (22) (23) (24) (25) (26) (27) . Cheng (25) furthermore reported that nicotine delivery was not even consistent between brands or within a brand (between puffs). Farsalinos et al. (26) reported inconsistencies between declared and measured concentrations to range from −21 % to +22.1 %, whereas in Kim et al. (27) they ranged from -32.2 % to +3.3 %.
All these findings, including ours, call for regulations that should define uniform standards for declaring nicotine concentrations in refill products, and provide manufacturers and suppliers guidelines not only to adopt them but also to ensure uniform within-device dosing (i.e. the same product should always be consistent in nicotine delivery), appropriate manufacturing standards, and accurate reporting of nicotine content in refill products prior to market release.
Inaccurately declared lower nicotine concentration in e-liquids may mislead consumers into consuming more products and overdosing on nicotine, especially if the declared doses are close to the maximum allowed concentration set by the EU Tobacco Products Directive (15). A case in point is our sample no. 12 (Table 1 ) with a declaration of 18 mg/mL, whereas the actual concentration was over 20 mg/mL. Furthermore, e-liquid packages declaring nicotine concentrations above the EU safety limit are freely marketed in Macedonia, which raises a red flag for regulators in the country to adopt the EU limit and in the meantime require from producers to warn consumers of increased health risk these concentrations entail.
There are several limitations to our study. We selected four top-selling manufacturers instead of analysing products of all available manufacturers on the market, because of laboratory cost. Another limitation is that we analysed only one batch per e-liquid and therefore could not assess interbatch variability. Further research should address these limitations, but even with current limitations our study clearly shows that nicotine-containing refill e-liquid products must meet certain quality standards before marketing, including accurate declaration to prevent unintentional nicotine overdosing.
